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ABSTRACT :  Brush-type DC motors with commutators will 
generally generate high levels of electrical noise if their 
circuits are not properly designed and constructed.  The 
generation mechanisms of conducted noise of a low-power 
DC motor are studied using computer simulation and 
experimental measurement.  Results indicate that the transient 
noise can contain simultaneously high and low frequency 
components, which are caused by the interaction of the 
"break" action of the commutator and the brushes, with the 
rest of the motor circuit, including the measurement 
instrument.  Both predicted and measured results agree well in 
identifying the ringing frequencies. 
 
Index Terms： conducted emissions, DC motor, commutator noise, 
computer simulation 
I. INTRODUCTION 
DC motors with commutators are well known to be capable 
of generating high levels of electrical noise.  In order to 
suppress the noise, filters are commonly used.  The most 
common and economical filtering method is to connect a 
capacitor from each motor terminal to the motor casing.  
Although this practice will often reduce the electrical noise to 
a reasonable level, it offers no guarantee that the noise level 
will always be sufficiently low so as not to interfere with 
sensitive electronic circuits in its proximity, such as in 
portable medical and entertainment devices. 
In this paper, the noise generation mechanisms of a low-
power DC motor are examined both theoretically using 
computer simulation and experimentally by measuring the 
electrical noise on the DC supply lines.   
II. MEASUREMENT SETUP 
In order to eliminate the uncertainty caused by the source 
impedance of the DC power supply, a 50µH/50Ω line 
impedance stabilization network (LISN) was used to isolate 
the DC motor from the power supply.  The frequency 
response of the LISN from its LOAD terminals to the receiver 
terminals showed a -3dB frequency roll-off at approximately 
30 kHz.  The LISN was connected to a ground plane.  The 
motor was connected to the LISN via a 250 mm long figure-
of-eight cable and positioned at a height of approximately 50 
mm above the ground plane.  The metallic motor casing was 
insulated from the ground plane. 
The positive (+) and negative (-) outputs of the LISN were 
connected to Ch.1 and Ch.2 of an oscilloscope as shown in 
Figure 1. 
 
 
 
Figure 1:  Experimental set-up showing the power supply, 
LISN, DC motor and oscilloscope 
A low-power brush-type permanent-magnet DC motor [1] 
was used for this study.  It has three rotor windings, a 
commutator and two metallic brushes, as shown in Figure 2. 
 
 
 
Figure 2:  Construction of motor rotor 
III. EQUIVALENT CIRCUITS AND COMPUTER 
SIMULATION 
    An equivalent circuit for the motor is developed and shown 
in Figure 3.  Each of the windings is represented by an 
inductance, a series resistance and a parallel capacitance.  The 
values of these components are derived from practical 
measurements and by considering the action of the 
commutator.  The contact between the commutator and the 
brushes is modeled by a voltage-controlled switch.   
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    The equivalent circuit for the LISN is shown in Figure 4.  
Stray capacitances and inductances associated with the circuit 
components are included to account for high-frequency 
effects.  
    The figure-of-eight power supply cable of the motor is 
modeled as a short transmission line.  The oscilloscope test 
leads are also modeled as transmission lines. 
 
 
Figure 3:  Equivalent circuit of DC motor 
 
 
Figure 4:  Equivalent circuit of LISN 
 
Several configurations of the experimental setup were 
modeled and analyzed using the APLAC [2] and Circuit 
Maker circuit simulation programs.   The simulation programs 
were the student edition which limited the number of 
components used in a circuit to only 50. The modeling of the 
circuits was carried out with the time-domain transient 
analysis function and performed within this constraint.  The 
results generated between the two programs showed some 
slight differences in amplitudes. Circuit Maker generally 
showed smaller amplitudes but both programs showed almost 
identical frequencies.  As a matter of convenience, most 
simulations were carried out using APLAC. 
During the theoretical study, the motor circuit was first 
analyzed with no extra circuit component.  It was then 
simulated with a capacitor of various values (1 nF to 1000 µF) 
connected across the motor terminals.   
Figures 5a and 5b show typical predicted output transient 
waveforms at the oscilloscope inputs when a 1 µF capacitor 
was connected across the motor terminals.  It can be observed 
in Figure 5a that besides some high-frequency transients at the 
beginning of the switching, there is also a strong low-
frequency ringing of approximately 25 kHz and a peak-to-
peak voltage of about 500 mV.  Figure 5b depicts the high-
frequency decaying transients with an initial peak-to-peak 
value of almost 1.50 V and a ringing frequency of 
approximately 200 MHz.  
 
 
 
Figure 5a: Predicted output transient waveforms with a 
1µF capacitor across the motor terminals, showing both 
high-frequency and low-frequency transients 
 
 
 
 
Figure 5b: Predicted output transient waveforms with a 
1µF capacitor across the motor terminals, showing details 
of the high-frequency transients 
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IV. EXPERIMENTAL MEASUREMENT 
The experimental circuit of Figure 1 was setup and the 
motor was driven by a DC supply voltage of 1.0 V.  The no-
load motor current was approximately 100 mA.  In order to 
investigate the effectiveness of single-capacitor filters 
compared with a more complex filter, waveforms were 
captured on the oscilloscope for the following conditions: 
• motor only (no capacitor), 
• motor with a single capacitor connected across its 
terminals (1nF, 10nF, 100nF, 1µF and 1000µF), 
• motor with a 4-element filter (Figure 6). 
 
 
Figure 6:  4-element filter for DC motor  
 
Figure 7 shows captured noise waveforms of the motor with 
no capacitor.   The noise level was of the order of a few volts 
peak-to-peak.  Figure 8 shows captured noise waveforms of 
the motor with a 1 µF capacitor.  The noise level was 
approximately 200 mVpp.  One may compare this figure with 
Figure 5a which depicts the predicted waveforms.  It can be 
observed that although the voltage levels did not agree well, 
the shapes and frequencies were in good agreement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7:  Noise of motor only (no capacitor), showing 
both low-frequency and high-frequency transients 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8:  Noise of motor with 1µF capacitor 
 
Figure 9 shows captured noise waveforms of the motor with 
the 4-element filter shown in Figure 6.  In the 4-element filter, 
C3 is used to control the generation of transient ringing which 
is then removed by L1 and C2.  C1 removes the high-
frequency noise caused by the stray inductances of C2 and 
C3.     It can be observed in Figure 9 that the noise levels have 
been reduced to approximately 10 mV peak-to-peak.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9:  Noise of motor with 4-element filter, showing 
residual high-frequency noise 
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V. DISCUSSION 
During this project, the following observations were made: 
• The transient noise of the DC motor occurs during 
the "breaking" action of the brushes and the 
commutator. 
• The transient noise of the DC motor depends 
heavily on the circuit that the motor is connected 
to.  In this investigation, the LISN plays a very 
significant role as the low-frequency ringings are 
caused mainly by the LISN's 50µH inductor 
resonating with the filter capacitor connected 
across the motor terminals. 
• High-frequency ringings are generally caused by 
stray inductances (L) and/or stray capacitances (C) 
of cables and components interacting with other 
components or stray L and C. 
• The oscilloscope test leads and their associated 
circuits can also generate transient ringings under 
certain conditions.  Low-level ringing waveforms 
at approximately 45-50 MHz have been observed 
during both simulation and practical measurement.  
   
VI. CONCLUSIONS 
The conducted emissions of a low-power brush-type 
permanent-magnet DC motor have been studied by computer 
simulation and experimental measurement.  Results indicate 
that the transient noise contain both high-frequency and low-
frequency components.  It is observed that the noise is caused 
by the interaction of the brush-commutator breaking action 
and the entire motor circuit, including the measurement 
instrument.  Reasonably good agreement has been observed 
between predicted and measured results, particularly in 
identifying the ringing frequencies. 
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